Objective: Recently, an interest has developed in the use of quality of life instruments to provide a more comprehensive assessment of the impact of disease and treatments on patients' everyday lives over time, particularly in the cardiovascular field. To evaluate changes in quality of life of patients with a coronary heart disease and undergoing heart surgery and to identify patients on which to concentrate stronger rehabilitative intervention, an observational prospective study with repeated measurements has been designed. Methods: A total of 259 consecutive coronary heart disease patients (211 males, 48 females, aged 63 (S.D., 9 years) are included into the study. Quality of life has been assessed by means of Karnofsky Performance Status Scale and Nottingham Health Profile (6 dimensions of quality of life) preoperatively, at 2 and 6 months. Changes in quality of life scores at short and mid term and the influence of possible predictors have been investigated. Separate scores have been considered for each dimension of quality of life as well as a global statistics accounting for the multidimensionality of quality of life. Results: Quality of life increased by 57, 64, 72, 52, 23, 44 and 56% for Karnofsky Performance Status Scale, energy, pain, emotion, sleep, social and mobility respectively at 2 months; at 6 months a further increase of 18% in sleep only occurred. Global scores appeared to be significantly influenced by sex, age class, preoperative NYHA, type of angina, associated procedure and complication at surgery. Conclusions: The increase of quality of life concentrates mainly at an early stage of post-operative period. The preoperative factors tested, allow to stratify patients based on quality of life and to identify those on which to concentrate stronger rehabilitative intervention. © 1997 Elsevier Science B.V.
Introduction
Coronary artery bypass and, more widely, heart surgery have grown in popularity since their introduction, thanks to their proven benefit on survival of patients with an otherwise poor natural history. Traditional measurements of outcome of such therapeutic interventions have been survival rates, test results and clinical judgment on functional capacity, i.e. the New York Heart Association (NYHA) classification system. Recently, an interest has developed in the use of quality of life (QoL) instruments to provide a more comprehensive assessment of the impact of disease and treatments on patients' everyday lives over time, particularly in the cardiovascular field [2, 5, 7, [10] [11] [12] [13] . Both approaches are important and should complement each other [10, 11] and they should together represent the basis for tailored rehabilitation programs. Health-related QoL is a multidimensional concept, that includes perception of well-being in several fields or activities (physical, social, pain, emotion, energy and sleep); interpreting single item functional variables or single scores of QoL, as currently reported, could not be sufficient, whereas instruments exploring all dimensions of QoL appear to be best fit [8, 11, 12] .
The purpose of the present study was to quantify the changes in time of QoL, at short and midterm, of patients undergoing cardiac surgery for a coronary heart disease (CHD), as well as to select possible predictors of health-related well-being after surgery, in order to identify patients on which to concentrate stronger rehabilitative intervention.
Methods

Study design
We have chosen to perform an observational prospective study, with repeated measurements. The patients have been evaluated on admission to the Hospital (within the first 24 h, and in any case before surgery), in outpatients clinics at 2 months after discharge and by mail and phone interview at 6 months after discharge.
Sample and data collection
The study has been conducted at the Cardiovascular Center of a private Hospital in Milan, Italy. This is a highly equipped Center for Cardiac Surgery with 38 ordinary beds and 8 beds for post-operative intensive care.
A total of 304 patients within an age range of 23-86 years have been admitted to the hospital in order to be operated on between May 1st, 1994 and May 1st, 1995. Diagnosis of CHD, age] 18 years together with the informed consent to participate in the study have been the only inclusion/exclusion criteria. A total of 42 patients had diagnosis other than CHD, 3 patients have died before discharge and are not available for followup, so the final cohort included in the study amounts to 259 patients.
Data collection and all interviews have been personally conducted by the same attending cardiologists. Standard socio-demographic data have been obtained at admission, together with clinical data; for each patient the following clinical information are available: main diagnosis (ICD9), type of angina (silent, stable or unstable), number of comorbidities, left ventricular ejection fraction, functional status -New York Heart Association (NYHA classification) and the Karnofsky Performance Status Scale (KPS) [9] , and health related quality of life-Nottingham Health Profile (NHP) [6] ). In addition, the presence of concomitant valve or ventricle surgery and of major surgical complications has been recorded. At follow-up, functional status and QoL have been again collected, together with the number of prescription medications and the occurrence of cardiac and non cardiac symptoms or diseases. Every effort has been made to ensure compliance in obtaining complete information at follow-up.
Measurements instruments
The NYHA scale is a well known classification based on a four-level ordinal scale, widely used to measure, on a clinical basis, the degree of heart failure, that goes from 'no dyspnea' (class I) to 'dyspnea at rest' (class IV).
The KPS scale has been born to assess outcomes in cancer chemotherapy but is now extensively applied as a generic scale to evaluate functional performance. It is based on a ten-level ordinal scale corresponding to a progressive worsening of patient's condition (from 'normal, no complaints, no evidence of disease' to 'moribund, fatal processes progressing rapidly'). Both instruments rely upon physician's assessment of patient's functional status.
The NHP is an autoperceived health questionnaire with a demonstrated validity and reliability in a number of disease populations, particularly in the cardiological area, as well as a proven cross-cultural equivalence [1, 6, 10, 13] . The NHP consists in two parts: part I is the bulk of the questionnaire and contains 38 items belonging to 6 dimensions of health (energy, pain, emotional reactions, sleep, social isolation and physical mobility). Each item is scored 0 for a 'no' response and 1 for a 'yes' response and is weighted according to perceived distress in the corresponding dimension. These weights are standardized, so as each dimension is scored from 0 (absence of distress) to 100 (maximal distress). Weights are reported to be almost identical in different cultural settings, so in this study original referral weights have been considered [1, 6, 10, 13] . Part II explores the impact of perceived health problems on seven areas of everyday life: work, home maintenance, social life, home life, sex life, interests and hobbies, and holidays; each area is assessed with one yes/no item. Completion of the entire NHP is reported to take about 10 min.
Statistical analysis
Descripti6e statistics
Continuous data are reported as mean and standard deviation, categorical data as frequencies.
Uni6ariate analysis
Scores obtained in the different dimensions of QoL and at KPS assessment are compared in time by Friedman ANOVA for repeated measures; McNemar test is used to compare the responses in areas of everyday life before and 6 months after surgery.
Combining multiple endpoints into a summary statistics
QoL is intrinsically multidimensional; particularly, NHP questionnaire considers 6 dimensions of health all of which contribute to the final assessment of autoper-ception of health. In addition KPS should be considered as a seventh dimension. So the changes of QoL from pre-operative status to post-operative status at 2 and 6 months must be analyzed by an inferential procedure which allows to control the global type I error of the experiment. O'Brien's rank based method has been used at this purpose [4, 8] : the values of each endpoint measuring QoL are ranked among all subjects; then for each subject the sum of the ranks of all endpoints is computed; this summary statistics has an asymptotically gaussian distribution and parametric tests can be used. It will be called 'global score' in the following; a low value of the global score will correspond to a low QoL. One way within subjects (repeated measures) ANOVA has been applied to assess changes in time of QoL; between-within subjects ANOVA (for discrete variables) or ANCOVA (for continuous variables) have been used for appraisal of the prognostic values of a series of clinical indicators. Scheffé method has been retained for post-hoc comparisons.
A post-hoc analysis has been performed based on intention to treat; patients lost to follow-up or dead have been considered to perform with the worst global score of the series. The same results have been obtained as with the restricted series with complete follow-up. Particularly ANOVA has identified the same clinical indicators of QoL. For this reason, no further details will be reported on this analysis.
All computations have been made with Statistica 5.0 (StatSoft, Tulsa, OK).
Results
Of the 259 patients discharged from hospital after heart surgery, 255 have completed the 2nd month assessment and 249 the 6th month assessment; 2 patients have died (before 2nd month and between 2 and 6 months, respectively), 8 patients could not be traced at 6 months, whose baseline QoL and clinical features did not significantly differ from the remaining cohort.
Social-demographic and clinical characteristics of the patients are presented in Table 1 . Mean age is 63 years, 81% are male, most patients are in NYHA class I, and none is in class IV. Silent angina was present in 9% of patients, stable angina in 50%, unstable angina in 36%; in 5% of patients the type of angina was not recorded. Most patients have undergone a single surgical procedure (88%); some peri-operative complication of surgery has been observed in 32% of patients. The majority of the cohort (70%) has a low grade scholarship; 36% are employed at the time of surgery.
Functional status data are shown in Fig. 1 ; the lower scores after surgery in all 6 dimensions and in KPS indicate an overall improvement in QoL, which is mostly noticeable at the 2nd month assessment: scores
for KPS, energy, pain, emotion, sleep, social and mobility areas respectively. At 6 months scores did not differ, but for sleep, which showed a further decrease of 18%. Friedman ANOVA for ranks elicits significant differences in time in all dimensions of the profile and in functional assessment (P B 0.000). Table 2 shows the proportion of patients experiencing problems in seven aspects of daily life before surgery and at 6th month assessment (NHP questionnaire, part II). In all areas, one third to almost one half of patients have problems in basal conditions; at 6 months a marked and significant improvement has been observed; the most beneficial effect is reported in the work area, for occupied patients.
The O'Brien summary statistics has been calculated to consider the multidimensionality of QoL and one way within subjects ANOVA has been performed that shows a global improvement of quality of life in time (P = 0.000), mainly at 2 month assessment (Fig. 2) . Betweengroups differences in QoL are present at all time points, as shown in Table 3 , when accounting for sex (Fig. 3a) , age class (Fig. 3b) , preoperative NYHA (Fig. 3c) , type of angina (Fig. 3d) , associated procedure (Fig. 3f) or presence of complications at surgery (Fig. 3g) . Male patients have the perception of an overall better quality of life both at preoperative and postoperative assessments than female, and so have younger patients than older, patients with NYHA class I than II or III, patients with silent or stable angina than patients with unstable angina, patients without any associated procedure on valves or ventricle and patients without complications at surgery than patients with. The rate of change of QoL in time is not different for any of these factors (no interaction observed), but for the type of angina: patients with unstable angina have a stronger increase of QoL from preoperative to 2nd month assessment than patients with stable or silent angina. In any case, the Scheffé test shows a significant difference (P = 0.000) between preoperative and short term assessment, but not between short and mid term assessment. Increasing preoperative EF is weakly associated with an increase in QoL at all time points (P = 0.2, 0.1 and 0.3 respectively). During follow-up, 26 out of 255 patients report new cardiac (10 patients) or non cardiac symptoms at 2 months and 26 out of 249 at 6 months (11 patients with cardiac symptoms). Patients with new symptoms at 2 months show a 5.9% decrease in QoL, respect to preoperative assessment, as opposed to patients without, who increased their QoL by 21.6%. Similarly patients reporting new symptoms at 6 months have a 14% decrease in QoL from 2nd month assessment, whereas patients without increased by 3%. The time trend of these subgroups of patients is reported in Fig. 4 (ANOVA for interaction P= 0.000 in both cases).
Discussion
The aim of the present study was to provide an overview of perceived health status in patients undergoing heart surgery, and of the changes observed over time after surgery, as well as to stratify patients based on their QoL. NHP questionnaire was preferred to other tests (e.g. MOS-SF36, etc.) due to its proven validity and its wide use in the cardiovascular field and across languages (and so the possibility to compare our results with others) as well as for the short time requirements for its completion. It has been shown to strongly correlate with NYHA class and KPS in patients having suffered a myocardial infarction or undergoing open heart surgery [3, 10] and this happens to be the case in our study as well. Although exercise tolerance at exercise test, a traditional outcome measure for patients with CHD, provides accurate information about the patient's cardiac function and physical capacity, its correlation with QoL, globally considered, is reported to be poor; particularly Wiklund et al., [14] showed, in patients with stable angina, the correlation between exercise tolerance and QoL to be fair when perceived physical limitations are considered, but to be absent when assessing well-being and sleep disturbances. Their study suggests the need for subjective measurements to supplement the results of exercise stress test [3] . In accordance with these results, in our case series, a strong increase in QoL was observed both in the mobility and in the energy dimensions, expression of an increased exercise tolerance; however a better QoL was recorded in the other dimensions as well. In the preoperative assessment, patients showed a deterioration in all of the 6 dimensions of QoL, which was particularly marked in the pain, mobility and sleep dimensions. The impairment in the first two areas is congruent with the pathophysiologic and clinical features of the considered disease, whereas sleep and other domains like the feeling of social isolation are more generally peculiar to the psychological aspect of disease condition as opposed to health.
Baseline scores were not different from those reported elsewhere [2] .
The increase of QoL observed during follow-up and expressed by a marked drop in scores, concentrates mainly in the first 2 months after surgery. In agreement with previous reports, it concerns both the 'physical' and the 'psychological' domains of self-perception of health, and is consistent with the physician's functional classification of patient based on KPS. The sleep dimension is the only dimension showing a further improvement at 6th month's assessment, probably due to more long lasting psychic healing mechanisms. The percentage of patients with problems in every-day life, as pointed out in NHP part II, is significantly reduced at mid term follow-up; it is to note that a large part of the patients have recovered their occupational ability at 6 months [2, 12] .
As expected, there were different degrees of impairment of QoL at baseline assessment in particular subgroups of the study population (identified by sex, age, NYHA class, type of angina, associated procedure on the valves or the ventricle, complications at surgery). These differences persisted at 2 and 6 months; however the rate of increase of QoL was not different for any of the considered parameters, showing that the benefit of surgery in terms of QoL occurs independently of the preoperative condition: actually Fig. 3 shows parallelism of the QoL score curves in the several subgroups of patients. A successful intervention program should concentrate on those patients with lower preoperative levels, in order for their midterm QoL to become similar to that of the more favored categories of patients (and the curves to become convergent). No significant influence of EF could be appreciated in this case series; a possible explanation is that EF is included in a very narrow range of 'normal' values (95% C.I. 51-54%). A minority of patients reported the onset of new symptoms at follow-up with a subsequent lower QoL.
Finally, the study shows that excellent results can be obtained thanks to the currently practice standard of operative skill, available technology and efficient rehabilitation in patients at milder risk like these.
Clinical implications
This study points to the importance of QoL assessment in stratifying patients undergoing cardiac surgery in order to program a management post-operative policy. The exercise tolerance alone, appears not to be sufficient to evaluate results of surgery. The preoperative factors tested (sex, age, NYHA class, type of angina, associated procedure on the valves or the ventricle, complications at surgery) allow to identify subgroups of patients with more severe clinical presentation, and hence a higher degree of QoL impairment both before and after surgery. For these particular patients there is a need to program tailored postoperative rehabilitative cares, in order to attain the best possible levels of QoL after surgery. The main changes in QoL occur within 2 months of surgery in our case series with minor changes subsequently. However, the question remains open whether any intervention program should be programmed at an early stage of the post-operative period or later.
The ease of use of the NHP questionnaire and its acceptance by the patients make follow-up studies highly performable.
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